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Nuclear Energy—Just the Facts

This hooklet explains today’s nuciear energy technoloay, the processes and
safety practices associated with it, and the benefits it provides. It includes
information about how nudiear power plants work, the an.& producing
electricity, nuclear energy’s environmental benefits, the miring and
preduction of uranium fiel, the safe ammwﬁam,a of ised nudiear fisel,
nuclear plant security, and the economics of nudiear mmm@. Most of all,

it provides “Just the facts" for a quick study about nuclear energy.

To fearn about nuclear energy at a glance and the contents of this book,

simply turn the page.

More detailed information or nuclear energy is available at www.nef.org.




Nuclear m=m~@< ataGlance : The U.S. Nuclear Regulatory Commission strictly regulates the
. commercial and institutional uses of nuclear energy, induding
nuclear power plants. Quality construction, centinuous preventive
maintenance and ongoing reacter operator training have contributed
to the nudlear energy industry’s excellent safety record,

Fission Product

Heutien O Fssion Product

After mining, wranium is milled and lnthe reactor, nudear fission A nuclear reactor generate

processed to create uranium oxide, and chemically converts the material. inta solid ceramic pellets and inserts prodisces energy to heat water and afectricity around the dodl

or yellowcake. (Page 6 Enrichment makes the uranium usable them into rads, making a fuel assembly.  create steam that powers generators producing greenhouse g
as a fuel. (Pages 6 and 7) Assemblies are then transported to the to produce electricity. (Pages 4 and 5) (Pages 2 and 3)

The conversion plant removes impurities A fuel fabricator presses the tranium

nuclear plant and [oaded into the
reactor. (Pages 6 and 7)

Emission-Free Power

Nuclear energy is by far the largest source
of carhon-free generation and provides
20 percent of U.5. electricity. By using
nuclear instead of fossit fuel-based power
plants, the industry prevents the emission
of millions of tons of carbon dioxide and
other greenhouse gases every year.
{Pages 2 and 3)

- -+ hfter d cooling period, nud

Fuel Pellet e plants store used fuef safe

(Actual Size) donin o securely on site in steel ar
G vaults. (Page 8)

mm:msswm_mm
7.5%




Because nuclear plants do not produce greenhouse gases, the

amount of carbon emissions they prevent is greater than all other -
electricity scurces combined. Also, nudear plants have oke of the -
smalest environmental "footptints” of any energy source.

A nudclear reattor generates refiable mmwam:@ new nidear plants & critical With up t0 700 Ewa.m“._ma jobs,

electricity around the dock without to meeting LS. environmental and a nuclear power plant provides
producing greenhouse gases. energy goals. {Page 74) significant economic benefits to
(Pages 2 and 3} local communities. {Pages 16 and 77}

G
0

et

After a cooling period, nuclear power Used fuel containers will travel by A deep geologicrepository is considered -

Development of advanced fuel-cycie I
plants store used fuel safaly and trains, trucks or barges to a storage technologies improves efficiency and the best method of managing used nuclear
securely on site in steel and concrete or recycling facility. (Poge 9) reduces waste but does not predude fuel and recycling byproducts. Sweden is -
vaults. (Page 8) the need for a federal repository. one country developing such a repositary, -

{Pages 10 and 17) {Page 11)
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Nuclear Energy Benefits the Environment

~electricity.

zm..n_mm%oa&._nmu ;m..w._m.mu..amnm%m. nmsmwm wwwm.um.wmﬂm.mmm ..
they don't produce greenhiouse gases while generating -

t.S. Emission-Free
Electricity Sources

Renewables
7.5%

Source: Venty/Energy Information
Administration, 2005

About one-third of U.S. electricity comes from emission-free sources.

The United States generates most of its electricity by burning fossil fuels, 2 process that produces

sulfur dioxide, nitrogen oxides and carbon dioxide. Emission-free sources provide 30 percent of

America’s electricity, and nearly 70 percent of that comes from nuclear power plants.

Nuclear power plants den't burn anything.

Nuclear power plants don’t bum anything, so they prodice no combustion byproducts. Nuclear
plants help protect our air quality and have been an important tool in meeting Clean Air Act goals
in many states. Coupled with renewable energy options, nuclear energy is critical to meeting the

country’s environmental and energy goals.

The United States needs abundant electricity and dean air,

Given the country’s growing demand for new sources of electricity---as much as 28 percent by
2035, according to the Energy Information Administration’s recent forecast—-the United States
will need all new sources of electricity generation available: renewables, coal, natural gas
and nuclear energy. Nudear energy is the only large-scale, emission-free energy source that

can be widely expanded.
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How Nuclear Power Plants Work

An .mmm: Ema Eo%mmm mﬁmma using the wmﬂ na%_ a
____”5% tting atoms in uranium f
...Easm s_Eo%nm mmmnmn_g :

Neutron

Neutron O g

Target Nucteus .

Neutron

Wuclear reactors use enriched uranium for fuel. Uranitm atoms make heat
by splitting—-the technical term Is fissioning.

Actual Size

Yranium fuel: solid ceramic pellets

The uranium fuel at nuclear power plants comes to the plant as
smatt, ceramic pellets inserted and sealed into long, vertical
metal alloy tubes or rods. Inside the reactor vessel, or the core,
nudear fission produces heat to create steam that powers elec-
tricity-producing generators. Nuclear fuel is a solid material

enviched at a low level and cannot explode,

Fuef Assembly

|
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How Nuclear Fuel Is Made

camaa Bi %amao 35 uanm&mm@n@m 10 823. :
Citfroms anoreto 8_ d nmaa_cﬂ:m_.nm_“nﬁ. mining and i :
Emmsp 823 a? msm%amﬁ m_a @%Bg% g

Uranium miners use several techniques: surface,
underground and in-situ recovery.

in-situ recovery uses water mixed with oxygen and baking soda to recover
minerals from the underground ore, Uranium also can be 2 byproduct of
other mineral pracessing opergtions. After mining, the material is milled
and processed to create uranium oxide, or “yellowcake.” Most uranism
mining in the tnited States uses the in-situ process, whereas Canada and

Australia primarily use the surface and underground approaches,

Yellowcake requires further processing

. Conversion of Yellowcake
before its use as a fuel.

n the next step, the wranium axide goes to a conversion plant, which
removes impurities and chemically converts the material to uranium
hexafluorite. The compound is heated to become a gas and is loaded
into cylinders, where it cools and condenses into a sofid. One of the world’s
five commergial conversion plants is in Metropolis, Ht. The others are in

(anada, France, Russia and the United Kingdom.

m:w:wam:n Centrifuges Fuel Fah
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Safely Managing Used Nuclear Fuel

cMa Emm& aa isa BE amﬁm:mm mmiv_ msam :
at %n_mmq u_mﬂ mmmm ms.a@m is one E: of wm B
_ammﬁ& cmma Em_ smummmsma mﬁmg

Nudlear power plants
store used fuel safely and
securely on site in steel
and concrete vaults.

Nuclear power plants produce refatively little waste.

The nuclear energy industry takes full responsibility for all its
hyproducts and factors thatinto its production costs, while

semaining the lowest-cost producer of baseload electricity.

a

A typicat large nudear power plant produces enough
electricity for more than 740,600 homes but only about
20 metric tons of used uranium fuel each year. In
terms of volume, that is soughly equivalent to the cargo
area of a small truck. All U.S. commerciat reactors
together prodisce about 2,600 metric tons of used fuel
anneally, The used fuel is highly radioactive and must

be contained safely and securely.

Used fuel at nuclear plant sites is managed securely

Used Fuel Pool in special buildings that house the fuel in steel-lined concrete pools
filled with water. Water both cools the fuel rods and shields workers
feom radiation in the fuel storage area. After the used fuel cools, it can
be stored on plant property in huge steel or steelHined concrete

containers.

m._.._...,m_.._mﬁ.w..m_._.

Reinforced
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Recycling and Advanced Fuel-Cycle Technologies

“The US

._..”qym 1k S uoéaamﬁuwmmmmm@a amuomm_%&_ g.amamm_n &mm.ammim_mm
. .-.conclug

Aspart of Em.mms_."_ electricity consumers have paid nearly §351
: .”mmmam“ feessirice Ammwa"cmﬁe the cmma nuc m,.: uel: gmwm@mﬁma E&EQ

L nbam i it

Used nudear fuel should be managed

through an integrated program.

The highest level of public safety and environmental protection is
provided by an integrated program that includes temporary storage
of used nudlear fuel, development of advanced fuel reprocessing

facilities, and construction of a permanent disposal faciity.

The United States uses 2 once-through (open) fuel cyde in which
nuctear fuel is stored, ulitimately for disposal, afier one use. However,
recycling can recover some of the energy that remains in used fuet and
reduce the volume, heat and toxicity of the byproducts requiring
permanent disposal. Afthough several countries recycle used ruclear
fuel, LS. policy prohibited it in the 19705 because of economic and

proliferation concerns. This ban was overturned in 1981,

Today, advanced recycling technologies in a dosed fuel cycle hold the
promise of using nuclear fuet resources more efficiently. The expansion

of nuclear energy aiso has prompted efforts to develop advanced

fuel-cycle technologies.

Once -Through (Open) Fuel Cycle ; mzuwm__mmm Storage.

F Closed Fuet Cycl i
ttre Closec huel Gyde  Permant _.__.,.nmo_aﬂma sposal
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Safety Is Paramount in Nuclear Plant Operations

Ongoing training for reactor
operators and other key
personnel has contributed to
the nudlear energy industry’s
excellent safety record.

The nation’s nuclear power plants are among the safest
and most secure industrial facilities.

S Steal Multiple automated safety systems, the industry’s commitment to comprehensive
- Reinforcement - - e e SteekReinforced ” safety procedures and stringent federal requiation keep nuclear power plants and
o Rods e . a L (Concrete.

neighboring communities safe.

The U.5. Nudlear Requlatory Commission, an independent federal agency, strictly .
regulates the commercial and institutional uses of nuclear energy, including

nuclear power plants. The agency regulates plant performance according to three

strategic areas: reactor safety, radiation safety and security. Independent

NRCinspectors at 2ach reactor provide oversight of plant operation, maintenance,

equipment replacement and training. The NRC posts all performance results on its

wehsite (wwwirc.gov).

g Steal
: ___wmmn._x__fm_s_. The nudear energy industry has an impeccable safety record.

 Fuel Assemblies . . ) . . .
- and Water Quality pfant construction, continuous preventive maintenance and ongoing
e reactor operator training al! have contributed to the nucfear energy industry’s

excellent safety record, Levels of safety in the nuciear energy industry exceed

those of the overall electricity industry and of the manufacturing sector.

12
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Building New Nuclear Plants

: _mzmaw_ 8382& and Smsew ma E@sm gma
to bild as many as 30 new nuclear power plants to rmmv
mieet E _mna sammmmm a.m. mmma.mné %sma

More than 60 nuclear power
plants are under construction
around the world.

The United States will need 28 percent more The federal government is planning aw future

electricity by 2035, electricity needs.

The U5, Department of Energy forecasts the United States will need Aloan guarantee program established by the Energy Policy Act of 2005
about 250,000 megawatts of new electric generating capacity by is helping companies build clean energy facilities, induding nuciear power
2035, equivalent to 250 new large power plants. This rising electricity  and renewable energy facilities. The government uses loan guarantees widely
demand, along with concerns about greenhouse gases and pollution,  to ensure investment in critical national needs—for example, transportation

make new nuclear plants vital to our energy mix. Energy companies  infrastructure. Unlike other loan guarantee programs, however, companies

are developing license applications to build as many as 22 new awarded loan quarantees for nuclear power plant projects pay for all costs
commercial reactors, Several companies already have submitted assodiated with the program, induding a fee to cover any business risks
applications for new reactors that the NRCis reviewing under its associated with the loan.

new licensing process.
1.S. companies are rebuilding infrastructure
for new reactors.

U.S. Electricity Demand Will Increase 28 Percent by 2035
{in biffion kilowatt-hours)

Suppliers expect they can meet the needs of the first few new reactors.

They have launched new initiatives, however, to develop the manufacturing
base for new plants and to ensure the industry has the right construction
management, engineering expertise and skilled labor neaded for the future.
4,308 New-plant construction will provide thousands of additional jobs.

: Building a new nuclear plant will create 1,400 to 1,800 jubs duting
Squrce: Energy information Administration . . . .
construction, with peak employment as high as 2,400 jobs,

14




UGIEIRGT PUD D31 101 IS iy §00 unas

ajenpeay ¢
ajenpefropuy -

6007

8002

1602

weuiyoIuy Burtsauibug seapny

‘syugd Jeapnu jo uonesausb

XU U1 PHAG GF SIBH0M Dajs Jo abenoys [ B SRy s Asnpul oyl
saj3ylatoN jouueskad e pue w:mEEﬁS dofanap o3 foge; paziuebio

pue safiafje3 AUNEIWOD Pue [BIIHLI3] [€39] Ylm palaulied sey osie A1snputayy
S086-PILU 3y} 33uss paplodas saguunt 1saybiy syt 6007 Ul Q0S'L 03 paseanU|
sweabord bunsauiBus 1eanu 1ead-1nog UL pagjoua SIUIPNIS J0 Jaguent 3yl

*s3nsal Suimoys aie
92105 J10M 343 asEADUI 0 SHoyS Asnpu]

gL

“SIYIOM MU JO SPUDSROYS D3I [im
SIS DAty U Ul uoisupaKs SAGIUS Joapmy

“sis4yd yyjeay pue Sueaauibua teapnu se ns ‘sucissyod

Jynads u; papasu saafo|dwa payuafe) DENIE pue UsWom Joj sanfunuiodde
puedxa “sanss| ASRAP NULYYR ssaippe 01 spoya Builnas sy paysuu
sey Alisnpul 9y 93408 Jaom Ayrenb-biy e uieior 0] Sanss| JUSLINDAY
pue Hugels uo buisniey st Ansrpul 3y 'szeak 3L uiyzm axIs1 o) |qifiys
aq [|1m Ansnput ABISUS 1e33nU Y] U] SI9%I0M 50 Juaad ¢f asnedag

*3IMNJ Y3 JO 2DI0) YoM
wwapnu sz Buitresy pue Supnnai sy Aasnpus 3y )




Economic Benefits

- Nudear povier plants reate hundreds of high-paying
jobs at the plants and in the siirrounding communities. .

PHOTG (OURTESY OF URENCD USA

Louisiana Energy Services gpened a
state-of-the-art uranium enrichment
Tacility in bunice, N, that employs
300 workers.

0T natu,
for const

Operation of a .5. nudear plant generates

4p to 700 permanent jobs,

The up to 700 permanent jobs at a nuclear plant pay 36 percent more
than average salaries in the local area. The plant akso creates

an equivalent number of additional jobs in the local area to provide
the goods and services necessary to support the nuclear plant

work force,

1

6

Nuclear plants provide economic benefits

to their local communities.

Each year, a typical nudear plant genesates approximately

$430 million in sales of goods and services in the local community
and nearly $40 million in total labor income. These figures include
both direct and secendary effects. The direct effects reflect the
plant’s expenditures for goods, services and fabor, The secondary
effects include subsequent spending attributable to the presence of
the company and its employees as plant expenditures filter through
the focal economy. The average nuclear plant generates total state
and local tax revenue of almost $20 million
each year. These tax doliars benefit schools, roads,
and other state and local infrastructure. Each
nuclear plant generates federal tax payments of

approximately $75 miltion each year.

Additional jobs are created to provide goods
and services like grocery stores, dry deaners
and car dealers.
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Nuclear Energy Key Statistics

@8 rmqm a_mma 8& m_mnzm&_ 2_.85 3 mz maasm

- (5290), 1

The United States has the world’s largest U.S. Electricity Generation by Fuel Type
commercial nuclear energy program.

Each year, America’s 104 nuclear power plants alone produce

more electricity than does any single country from all generating

il

sources except China, Japan and Russia. Efficdency gains have
enabled nuclear plants to increase output by 40 percent since 1990,
Because nuctear plants do rot produsce greenhouse gases, the
amount of carbon dioxide emissions they prevent i more
significant than all other electricity sources combined. As a result
of these factors, public opinion surveys show a steady increase in
support for nudear energy. The folfowing graphs illustrate nuclear
energy’s increasing value to consumers and importance to our

nation’s electricity supply.

Renewables
3.6%

1981

Saurce: Ventyx/Frergy Information Administration, 2009
Sorrce: Yentyx
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Nuclear Energy Key Statistics

Steady Growth in Public Support for Nudear Enargy Support for Building More Nuclear Power Plants
74%

80% 80%
60% 66%
40% 0%
20% : . e - S

1983 1985 1987 19% 1992 1994 19% 1998 2000 1998 1995 2001 202 2003 2604 2005 2006 2007 2008 2009 2610

Source: Bisconti Research Inc. Source: Bisconti Research Inc,
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The Nuclear Energy Institute is an industry policy organization that fosters the beneficial uses
of nuclear technologies worldwide.

The Institute’s members include companies that operate commercial nuclear power plants,
their suppliers and labor unions, as well as leading universities, research laboratories,
radiopharmaceutical and radioisotope manufacturers, and others.

# 0 CLEAR
E B ER G Y

IHSTITUTE
1776 Street, NW
Washington, DC 20006
202.739.8000
www.nel.org - -
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